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We investigated egg-laying, incubation, and fate of eggs and young by making regular observations at a number of nests that initially had no eggs in them (in mid-May) or were only just being built. We checked nests in 1969 and 1970 until the young were a few days old. In 1971, we followed the progress of 113 nests until the chicks were about 5 weeks old, daily counts being replaced by checks at 2-to 7-day intervals when the chicks were about 3 weeks old. Information on incubation period, size of eggs, and weight changes of eggs during incubation were also determined at the marked nests. Eggs were measured with Vernier calipers and weighed in a plastic bag suspended below a spring balance (Ohaus Model 8011, 250 g capacity, accurate to --+ 5 g).
We studied embryonic growth using the embryos from 25 known-age Herring Gull eggs taken at various stages of incubation. The embryos were dissected from their extraembryonic membranes, preserved in 5% formalin, and later drained on a paper towel and weighed and measured (Fig. 2) . We designated 22 3-egg clutches for a study of chick growth and surrounded nine nests with pens of l•-inch mesh hardware cloth 1.2 m in diameter and 0.6 m high.
Chicks were weighed in a plastic bag suspended below a spring balance. Culmen and tarsus were measured in the same way as the embryos. Wing measurements were taken along the natural curve of the wing after primaries erupted from their sheaths. Measurements were made daily (less often in older chicks) at about the same time, until the chicks fledged or disappeared. Notes were taken on ptilosis.
Records were kept of regurgitations of chicks, food found at the nests, and pellets found on visits to the study tracts.
RESULTS AND DISCUSSION
Templeman (1945) noted that the Herring Gull was the most common Newfoundland "sea-bird," while both Peters and Burleigh (1951) and Tuck (1967) reported that its numbers were increasing. On Gull Island the number of breeding pairs rose from 2033 in 1969 to 2663 in 1972. The average annual rate of increase is comparable with some of the most rapidly increasing colonies reported (Brown 1967 , Parsons 1969 . To determine if any changes in nest density had taken place during the period of increase, nests were counted in randomly placed 10-m squares and various areas were compared (Table 1, Fig. 1 ). A great deal of variation was found, which generally did not reflect the population changes in the same regions of the is]and. Thus either the placement of squares or the placement of nests was nonrandom within the area. Random placement of squares was difficult over large tracts, and errors from nonrandom placement were accentuated by the small sample size (5 to 15 squares per tract). The more important factor was nonrandom placement of nests. Nests were built on rock or on grass and bare peat. Nest density was higher on the rock surfaces than on the grass (3.98 rs. 3.07/100 m '•, P % 0.01) and still higher at the interface between them (8/100 m2). In area 4 (Fig. 1) , the density of the southern half was approximately twice that of the northern ha]f, although the habitat appeared identical; possibly this indicates a spread from the On grassy slopes we noted a strong tendency to place nests at the base of some prominence, such as a boulder, tree, or tree stump. No gulls nested among dense shrubs such as raspberries (Rubus idaeus), but a few Herring Gulls (30 pairs) nested up to 4 m into open woods, usually building the nest under a fir tree, always with a well-worn access tunnel leading through the vegetation. We found about 20 nests in small clearings high in the woods, on terrain sloping toward the sea.
Nests were situated in a small depression, crack or crevice, 6 to 15 cm deep (the nest scrape, Tinbergen 1953), such depressions being plentiful on the rock surfaces of the Point and the east side (Fig. 1) . Particular sites were used year after year, e.g. the locations of many nests on the Point were identical in 1970 and 1971. Salomonsen (1939) attributed the high tenacity of rock nesting Herring Gulls to their nest sites (compared to those nesting in grass) to the comparative difficulty of finding suitable depressions.
Nest building was well underway by mid-May, and continued until the chicks hatched. As various plant species developed they were added to the nests. During inclement weather all nest building ceased for as much as a week; with improvement in the weather, much new material appeared on the nests. Nest building was at a peak on the day immediately following a period of rain. Maunder (1971) found a similar correlation between periods of rain and nest building in kittiwakes, but associated this with softness of the turf, which kittiwakes may need to take the roots and earth they use in their nests. Roots and earth formed only a minor component of most Herring Gulls' nests; apparently the rain had an inhibiting effect on the normally frequent collection of nesting material in this species. Nests were normally composed of the most readily available organic material 50 to 100 m from the nest site, e.g. grasses ( By the time the first observations were made in May egg-laying had already begun. We followed the continuing progress of laying on the Point and in the east side square (Fig. 1) Egg size varied with order of laying within the clutch, the mean widths and lengths of 58 first, second, and third eggs being 49.3 -+ 1.4 x 70.9 -+ 3.1 mm, 48.9 -+ 1.2 mm x 70.2 -+ 2.9 mm, and 47.6 -+ 1.3 mm x 67.7 -+ 3.1 mm respectively. The sizes of first and second eggs showed no significant differences, but the third egg was smaller than the first two (P < 0.005). This phenomenon has been noted before (Keith 1966, Brown 1967, Barth 1968, Parsons 1971a) and seems not to be related to lack of materials but to a waning of physiological processes associated with egg production (Harris 1964 ). Parsons (1971a Parsons ( , 1972 ) views it as a means of synchronizing the hatching of the eggs, and of giving rise to a reduced survival rate in the third chick during adverse conditions, thus improving the chance of survival of the first two. In two cases where both original and replacement clutches were measured, the replacements had a slightly lower total volume than the original clutch. Two abnormally small eggs were found, one of which measured 30.8 mm by 40.7 mm, the other being of similar size. Neither contained an embryo. Goethe (1937) reported finding such eggs, which he speculated had formed when albumen and membranes were laid down upon traces of yolk.
The incubation periods of 44 first, 48 second, and 28 third eggs were determined to within ñ 1 or 1.5 days ( Development of the embryo during incubation was examined. Weight of the embryos reached 50% of the embryonic maximum at 22 days. An initial period of very rapid gain in weight was followed by a period of steady logarithmic growth when embryos were 8 to 18 days of age (Fig. 4) . After 18 days the rate of weight gain decreased, as energy became concentrated on organogenesis rather than growth (Harris 1964) . Drent (1970) found a steadily declining rate of weight gain, while Harris' (1964) curve showed an exponential increase in weight until the 15th day, followed by a sharp falling off in the rate of increase. The average rate of weight increase Harris (1964) noted over the whole incubation period was 2.0 g per day, compared to 1.9 g per day on Gull Island. Data on embryonic growth are presented below and in Fig. 5 .
Day 6, embryonic heart, brain, eye lenses well formed; small forelimbs, hind limb buds. Day 7, mouth, bill and rudimentary digits on forelimbs visible; eyelids beginning to cover heavily pigmented eyes; fore-and midbrain growing rapidly. Day 10 (head width: 50% embryonic maximum). The young at first remain in the nest, but begin to walk short distances 2 or 3 days after hatching. In a sample of 21 chicks, the egg tooth disappeared between 3 and 12 days of age (mean 6.0 days). By 11 to 12 days the sheaths of the scapulars and ventral contour feathers were well developed, and the primary sheaths were prominent, but extended only slightly past the edge of the wing.
By 20 days, the primaries were 1 to 3 cm long, the secondary coverts began to emerge, the scapulars and contour feathers of the ventral pterylae were well formed, and the dorsal contour feathers, upper tail coverts, and rectrices appeared. At 24 to 25 days the rectrices protruded past the surrounding down. The auriculars were visible, but emerging feathers at the center of the crown were still obscured by down.
Development of contour feathers then spread from the above-men- The causes of egg loss are presented in Table 3 . The third egg in a clutch appears subject to higher mortality than the first two. The most frequent cause of failure in these eggs was parental neglect during pipping. Often by the time the third chick was about to hatch, the first and second chicks had already hatched, and the parents had made the behavioral transition from incubation to feeding of the young. Frequently the third egg was crushed, with the dead chick partially emerged, presumably trampled on by the parents.
The incidence of infertility (dead, no embryo column, Table 3 ) was low, but a trend toward higher infertility in the third egg may exist.
Eggs that disappeared without trace were considered to have been taken by predators, as eggs are frequently stolen rather than devoured at the owner's nest.
Thus predation amounted to a 10% loss of all eggs laid, and failures in the behavioral transition of parents at the end of incubation accounted for a further 7% loss. The losses from death of the embryo or rejection of the egg during incubation were slight. Drent (1970) found that egg loss from predation by other gulls was highest at the beginning and end of the incubation period, when attentiveness was relatively low. Whether the daily disturbance of the gulls when the nests were checked increased the incidence of predation is not known.
The chick mortality described in Table 4 represents the maximum mortality that could have occurred, as all chicks that disappeared before 38 days of age were assumed to have died. Probably some of the older ones did survive to fledge. Most of the chicks that died before fledging did so before they were 6 days old (Table 4) Kadlec et al. (1969) felt that mortality from all causes until the young are partially independent is fundamentally a result of problems in behavioral transition of the adults from incubation to brooding and feeding the young. This is clearly seen in the present study, as mortality from other causes (such as predation) was low: chicks were sometimes built into the nest, or found dead beside it. Mortality of gull chicks was sometimes seen after sudden temperature changes or heavy rains (small dead chicks were seen after heavy rains 28 June 1970) possibly as a consequence of chilling from inadequate brooding.
Mortality of chicks later in the prefledging period was associated most frequently with injuries to the occipital region. The skin there was usually denuded of feathers and often the skull was broken. Seldom were injuries found elsewhere on the body. Kadlec et al. (1969) and Parsons (1971b) associated this type of injury with territorial defense by the adults when chicks wandered (or were frightened by human disturbance) onto their territory. Fordham (1970) reported on the numbers of young Dominican Gulls (Larus dominicanus) killed by adults in Wellington, New Zealand. Some chicks went to sea before they were able to swim strongly, were caught in the swells, and were unable to land. They rapidly became waterlogged and either drowned or died from the cold (mean summer water temperature 6.5-9øC).
The abnormally high mortality after 25 days (Table 4) The arrival of capelin during the 3rd or 4th week in June was associated with a major change in food habits of the gulls (Table 5 ). The proportion of petrels, Mytilus, human refuse, and offal, which had been the major food items during the previous month, dropped abruptly as the gulls began to concentrate on capelin. The arrival of capelin and the shift in food corresponded closely to the peak of hatching of the chicks. Goethe (1937) and Meijering (1954) reported changes from hard (Carcinus and insects) to soft food (fish and Asterias) when the chicks hatched, and it is probable that the great abundance and accessibility of capelin at the appropriate time is a major factor in the high breeding success of the Herring Gull on Gull Island. The third laid egg was smaller than the first two. Eggs lost 16% of the fresh weight during incubation. The mean incubation periods were 29.4, 28.2, and 27.1 days for first, second, and third eggs.
Development of embryos and chicks is described. There was no difference in growth of chicks in pens and at large, and no significant differences in the growth of first-, second-, and third-hatched chicks in a brood. The development of the plumage is described.
Breeding success was measured by hatching success (62.5%-72.9%) and chick mortality up to 25 days of age (24.9%). A small sample (23 nests) fledged an average of just less than one chick per nest. The food of the gulls is noted, and the possible influence of food availability on breeding success and population growth is discussed.
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